Abstract. the purpose of this study was to screen cancerrelated genes and to identify histopathological gene expression patterns as potential biomarkers in human epithelial ovarian cancer (eOc). Fifty genes were screened by reversetranscription polymerase chain reaction assay with cdna from 83 eOc tissues and 48 normal ovarian specimens of ovarian cancer patients and evaluated by gel electrophoresis analysis. twenty expressed genes were assessed by real-time relativequantity (rQ)-pcr in 30 eOc specimens for gene signature study. Four genes, TAL2, EGF, ILF3 and UBE2I, were investigated for gene expression patterns in histopathological classification of EOC. RQ-value (Ct, ∆Ct, ∆∆Ct, RQ and gene expression plots) was generated by aBi 7500 Fast System SdS Software (version 1.4). SpSS 15.0 software was used for statistical analysis. using real-time rQ-pcr, we found that TAL2, EGF, ILF3 and UBE2I demonstrated distinct expression patterns in histological types of epithelial ovarian cancer. the expression of ILF3 and UBE2I in tumors was significantly higher than in normal tissue, with extremely high expression in serous carcinomas compared to mucinous, endometrium and clear cell carcinomas. in addition, ILF3 and UBE2I were overexpressed in advanced stage and advanced grade ovarian cancer, compared to early stage or well-differentiated ovarian cancer. This is the first report of TAL2 and ILF3 expression in the normal human ovary and epithelial ovarian cancer. Our results indicate that overexpression of ILF3 and UBE2I in advanced stage and advanced grade suggest that these two genes may play an important role in tumorigenesis/tumor progression and pathological differentiation of the disease. notably, ILF3 plays a role in dna binding activity and transcriptional and post-transcriptional regulation; UBE2I is required in ubiquitination and sumoylation and is involved in dna repair and apoptosis of cells. Further investigations to reveal the molecular mechanisms related to the activation of ILF3 and UBE2I in the development of eOc are warranted.
Introduction
Surface epithelial carcinomas are the most common type of ovarian cancer and the most lethal gynecological malignancy. epithelial ovarian cancer (eOc) comprises the majority of malignant ovarian tumors in adult women, and its high mortality is mainly due to late diagnosis (1) . Serous epithelial carcinoma, the primary type of ovarian cancer, usually presents at advanced stage. endometrioid, mucinous and clear-cell carcinomas, accounting for non-serous carcinomas, more often appear as low-stage disease (1, 2) . in advanced stages, the response rate to first-line chemotherapy with a platinum combination after surgical resection is approximately 80%, with 40-60% complete response. however, the median progression-free survival is only 18 months in these patients, as most relapse. the overall response rate in platinum-refractory or drug-resistant tumors is only 10-25% with subsequent relapse, resulting in a 5-year survival of only 25% (3) . in addition, clinicians have long known that different subtypes of ovarian cancer respond differently to treatment and have different prognoses. high-grade serous ovarian cancers typically harbor mutations in p53. these cancers also have mutations of Brca1 or Brca2, as well as defective homologous recombination, the preferred mechanism of the dna double-strand break repair pathway (3, 4) . eOc, a morphologically and biologically heterogeneous disease, is affected by various gene activations and alterations (2) (3) (4) (5) . current studies suggest that the different histological types of eOc represent distinct disease entities and exhibit varied gene expression patterns (6, 7) . thus, a better understanding of the molecular basis of EOC subtypes and identification of a reliable gene expression profile for each type is necessary to uncover the fundamental mechanisms of carcinogenesis and Gene expression patterns in the histopathological classification of epithelial ovarian cancer hOnglan Zhu 1,2 and Jing Jie Yu to predict prognosis, and may provide therapeutic guidance in these diseases (8) . dna microarray research is widely applied in determining gene expression profiles and has opened the field for analysis of the expression levels of thousands of genes (9) . however, a more accurate technique is needed for a better-tailored approach to identify special targets of diagnostic and prognostic markers that predict patient response to chemotherapy and survival outcomes. We used real-time relative-quantity (rQ)-pcr assay to illustrate a gene expression signature and to distinguish expression patterns in eOc subtypes in a large patient sample panel. Based on the function of targeted genes and their expression patterns, we identified ILF3 and UBE2I as potential biomarkers for this disease.
Materials and methods
Human tissue specimens. Forty-eight pairs of ovarian specimens (tumor and adjacent normal tissues), plus an additional 35 tumors from a total of 83 patients with advanced ovarian cancer were obtained from the cooperative human tissue network (chtn), pediatric division, children's hospital, columbus, Oh, uSa. tumor and normal samples were collected at primary surgery prior to chemotherapy, flash frozen in liquid nitrogen, and stored at -80˚C until RNA/ dna extraction. all samples were evaluated by pathologists, and the 83 tumors were classified as serous carcinoma (n=51), endometrioid carcinoma (n=13), mucinous carcinoma (n=11) and clear cell carcinoma (n=8).
RNA extraction. total rna from each specimen and the normal control of the ovarian cancer patients was extracted and purified by the method of hot phenol/chloroform extraction as previously reported (10) . Isolated RNA was purified and dissolved in DEPC water and stored at -80˚C.
Oligo synthesis. Following a search of the gene database, we selected a total of 50 genes based on their functions and the expression literature in ovarian, breast and lung cancers for this investigation. primary gene functions included transcription factor, dna/rna and protein binding activity, gene activation and regulation. Forward and reverse primers for each of the 50 genes were synthesized by gene probe technologies, inc. (gaithersburg, md, uSa). primer sequences of the 4 targeted genes used in real-time quantitative pcr assay are listed in table i.
Reverse transcription-PCR. through reverse transcription (RT), using the Super Script Preamplification System (Life technologies, inc.), cdna was generated with oligo-dt primers from 5 µg of total rna of 83 ovarian tumor tissues and 48 adjacent normal samples. rt-pcr was performed using AmpliTaq DNA polymerase, FS cells and gene-specific primers of the 50 genes in all cdna samples. pcr amplicons were separated by 1% agarose gel electrophoresis, and visible density bands of the gene amplification in these samples were indicative of gene expression. genes expressed in rt-pcr detection were selected for subsequent real-time quantitative pcr analysis.
Real-time quantitative PCR. real-time rQ-pcr was performed using SYBr ® green reagent kit (aBi cat. 4367659) according to manufacturer's recommendations. this assay was used for 20 selected genes in 30 eOc specimens for the gene expression signature profile. Amplifications were carried out on aBi priSm 7000 detection System and analyzed by aBi 7500 software (pe applied Biosystems, Foster city, ca, uSa).
in brief, all reactions were optimized to obtain the best amplification kinetics under the same cycling conditions (10 min at 95˚C, 40 cycles of 15 sec at 95˚C, and 1-min at 60˚C). The composition of the reaction mixture in a final volume of 20 µl contained power SYBr green master mix 10 µl, gene-specific primers (10 µM) 1 µl and cDNA 2 µl. negative controls containing all pcr components without template dna (denoted ntc) were used to ensure that the reagent mix was free of contamination. each reaction was run in triplicate. the average threshold cycle (ct) and the comparative ΔΔCt method were automatically calculated for the expression of the gene and normalized to the mean ct-value of 18S ribosomal. the rQ-value was calculated using the ΔΔCt method. Fold change in gene expression was calculated as 2 -ΔΔCt . For each gene in this study, a ct-value <32 was considered as positive expression and vice versa.
Statistical analysis. in real-time rQ-pcr assays, the average Ct, ∆Ct, ∆∆Ct and RQ were calculated by Applied Biosystems Sequence detection software (7500 Fast System SdS Software version 1.4). RQ (∆∆Ct value) was used to compare gene expression between samples. Since rQ equals 2 -ΔΔCt , a higher negative ∆∆Ct value, represents higher expression. SPSS 15.0 software was used to determine statistical significance. A P-value <0.05 was considered statistically significant between test means.
Results
Patient characteristics. Forty-eight pairs of ovarian specimens (tumor and adjacent normal tissues) plus an additional 
( (Table  iV) . as shown in Fig. 1, 4 genes were expressed in all types of eOc and normal tissues. however, ILF3 expression in eOc was 4.8-fold higher than in the normal samples; UBE2I expression in eOc was >2-fold higher compared to that of the normal samples. Fig. 2 vs. early stage was 3.8; in poorly differentiated (g2/g3) vs. well-differentiated (g1) this value was 9.34; for UBE2I, the rQ-value was 5.76 and 3.85. the overexpression of ILF3 and UBE2I in advanced stage and advanced grade indicates that these two genes may play an important role in tumor progression and pathological differentiation of this disease.
The expression patterns of TAL2, EGF, ILF3 and UBE2I in the histological types of EOC.

Discussion
TAL2, one of three transcription factors of the basic helixloop-helix (bhlh) family, was found at junctions of chromosomal translocations associated with t-cell acute lymphoblastic leukaemia (t-all). this gene was activated in the chromosomal translocation t(7;9) (q35;q34) in a subset of t-all patients causing overexpression in the t-cell lineage (11, 12) . thus, TAL2 is identified as an oncogenic transcription factor of t-all (13). TAL2 expression in adult testes represents the gene's role in the developing midbrain, diencephalon and anterior pons (11). Bucher et al reported that TAL2 normally plays a pivotal role in brain development, and that without this gene, mice cannot survive to maturity (12) . in the present study, we report, for the first time, TAL2 expression in normal human ovarian and ovarian tumor tissues. epidermal growth factor (EGF) has a profound effect on the differentiation of ovarian surface epithelial cells by enhancing motility and inducing secretion of pro-mmp-2 and mmp-9 resulting in localized stimulation (14) . EGF likely contributes to ovarian surface epithelium (OSe) rapid post-ovulatory proliferation and to the epithelio-mesenchymal conversion trapped in the ruptured follicle. Failure of such function may lead to the formation of epithelial inclusion cysts, which are known to be the preferential sites of malignant transformation by generating a microenvironment enriched of growth factors, cytokines and hormones to the entrapped OSe (15) . there are a few reports regarding EGF expression in tumors. Stromberg and colleagues reported that 10 of 10 (100%) borderline tumors and 10 of 14 (71%) epithelial ovarian tumors expressed EGF (16) . niikura et al also observed EGF expression in 18 of 25 (72%) studied epithelial ovarian tumors (17) . Our study of a large sample panel (83 ovarian patients) demonstrated that EGF was expressed in both normal and the four histological tumor subtypes, which is consistent with other reports.
ILF3 (a protein known as nFar or nF90), not previously found in ovarian cancer, was originally identified as a component of a dimeric transcription regulator and has a regulatory function in vitro. more recent studies suggest that ILF3 plays a role in transcriptional and post-transcriptional regulation (18) . nFar or nF90 are ubiquitously expressed in the nucleus of many cell types and tissues. they interact with pKr and pKr-mediated signaling, and may be involved in the mrna processing in cells (19) . Vumbaca et al have demonstrated that the drBp76/nF90 isoform facilitates the expression of vascular endothelial growth factor (VegF) by promoting VegF mrna loading onto polysomes and translation under hypoxic conditions, thus promoting breast cancer growth and angiogenesis in vivo (20) . VegF, the key angiogenic factor expressed under restricted nutrient and oxygen conditions in most solid tumors, is up-regulated in ovarian tumors and promotes tumor cell growth, migration and survival (21, 22) . thus, ILF3 may play a role in tumorigenesis of eOc via regulation of VegF expression. in our study, we observed that ILF3 was overexpressed in serous carcinoma. Serous carcinoma has the highest percentage of advanced stage and poorly differentiated cases among these four subtypes. We also found that ILF3 exhibited a higher expression trend in advanced stage or poorly differentiated eOc, compared to early stage or well-differentiated eOc.
UBE2I (ubc9) is important for genome integrity, particularly during mitosis and overall cell survival (23) . Recently, sumoylation, small ubiquitin-related modifier (SUMO) conjugation, has been identified as another type of protein modification. Ubc9, an essential E2-conjugating enzyme for sumoylation, seems to play a central role in sumoylation-mediated cellular pathways (24) . in addition, several important dna repair enzymes are subject to sumoylation, which appears to be involved in dna damage/ repair. moreover, ubc9/SumO are recently reported to have a fundamental effect in tumorigenesis and tumor progression (23, 25) . many oncoproteins and tumor supressors including pml, mdm2, c-mYB, c-Jun and tp53 are involved in SUMO (23) (24) (25) . Our findings demonstrated that UBE2I mrna was up-regulated in serous carcinoma of the ovary which is consistent with a report by mo et al (24) . the molecular mechanism by which ubc9 promotes tumor growth and interacts with other factors is as yet unclear.
In conclusion, we provide the first evidence of TAL2 and ILF3 expression in normal human ovary and epithelial ovarian cancer. We demonstrated that UBE2I and ILF3 expression was higher in advanced stage or poorly differentiated tumors, compared to early stage or well-differentiated eOc. Our results indicate that ILF3 and UBE2I may play an important role in tumorigenesis of eOc. Further investigations to 
